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Sunday, February 26, 2012 31alocalization in E. coli. In particular we study the temporal ordering of the
arrival of factors at mid-cell, preceding cytokinesis, and at the new pole, after
cell division as well as analyzing the asymmetry of protein partitioning on cell
division. The great degree of heterogeneity between protein species suggest
that a number of different mechanisms are responsible for the phenomena of
polar localization.
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Proteins expressed on bacterial cell surfaces must initially cross the cytoplas-
mic membrane and then either traverse the thick cell wall in Gram-positive
organisms or the thinner cell wall plus outer membrane in Gram-negative or-
ganisms. We have used protein tagging techniques to explore the spatial and
temporal patterns of protein secretion in both types of bacteria. Overall, de-
spite the profound structural differences between Gram-positive and Gram-
negative cell surfaces, we find that both are largely immobile environments
where protein behavior is dictated by fundamental physical constraints. For
the Gram-negative bacterium E. coli, we used exogenous enzyme-based se-
quence-specific labeling of LamB to detect the location of newly synthesized
exported protein. LamB initially appears in discrete puncta distributed over
the cylindrical sides of the cell, rather than uniformly. These results are
most consistent with a model where all outer membrane material (including
transmembrane proteins and lipopolysaccharides) is added in irregular bursts
along the cylindrical sides of the cell, and proteins are essentially immobile
with respect to their neighbors. For the Gram-positive bacterium Listeria
monocytogenes, we have also observed punctate initial secretion of the sur-
face protein ActA along the cylindrical sides of the cell, and very slow accu-
mulation at cell poles. ActA is a transmembrane protein with a large
unstructured ectodomain exposed on the cell surface. We have developed
a physical model proposing that the entropic constraint imposed by a small
periplasmic space could drive the translocation of a large, unstructured protein
across a barrier with a thickness and porosity similar to that of the Listeria cell
wall. Consistent with this purely physical model for unstructured protein
translocation and polarization in Gram-positive bacteria, we have found that
eukaryotic nuclear pore proteins expressed in these bacteria will also translo-
cate and polarize.Platform: Membrane Receptors & Signal
Transduction I
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The plasma-membrane of living cells is the major organelle for cellular signal-
ing cascades. To warrant the diverse functions of a cell, communication be-
tween the cytoplasm and its organelles and the extracellular space is crucial.
Thus, membrane-localized protein receptors activated by various messengers
are key to transmit signals into the cell. Defective regulation of these signaling
cascades may lead to cell death or uncontrolled proliferation. An important
point is the interaction of these receptors with cytosolic proteins. To analyze
such interactions we use micro-structured surfaces in combination with fluores-
cent microscopy (‘‘micro-patterning assay’’). This technique was developed to
detect protein-protein interactions (Schwarzenbacher et al., 2008; Weghuber
et al., 2010) and offers the possibility to measure and quantify also weak or
short-lived interactions in-vivo. We visualized the interaction of the following
membrane-receptors with their respective intracellular binding partners:
EGF-receptor (Grb2), Insulin-receptor (IRS1-4), and ß1- and ß2 adrenergic re-
ceptors (Arrestin, G-proteins). Additionally, we analyzed the insulin-dependent
transfer of Glucose-transporter 4 (Glut4) to the plasma-membrane. In a next
step we started to determine the effects of various messengers (EGF, Insulin,
Epinephrine,.) on the described interactions. By doing so we characterized
variations in the interaction-properties of these interaction pairs upon applica-tion of messenger molecules. Since the micro-patterning assay is a robust tech-
nique to analyze a large number of cells within a short time, it is our endeavor to
investigate the effects of further, medically relevant messenger molecules (sec-
ondary plant metabolites) on the interaction of the aforementioned signaling
proteins.
This work was supported by the European fund for local development
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The structure-function-activity relationships of transmembrane intracellular
adhesion molecules are often mediated by ligand-induced signaling elicited
in response to homotypic binding interactions. Understanding the molecular ba-
sis for these interactions is therefore critical for elucidating receptor function. A
model cellular adhesion protein, carcinoembryonic antigen-related cell-adhe-
sion molecule 1 (CEACAM1), exists as a mixture of monomers and oligomers
at the cell surface. Depending on its oligomeric state, CEACAM1 has been pre-
viously shown to differentially bind to several protein tyrosine phosphatases,
suggesting that CEACAM1’s oligomeric state may affect various intracellular
signaling pathways (Mu¨ller et al., 2009). We are using live cell total internal
reflection fluorescence polarization microscopy (TIRFPM) to examine
the distribution, association, and ligand accessibility of CEACAM1 at the
cell surface. Although we observe heterogeneous spatial and oligomeric
distribution of CEACAM1 at the cell surface of unperturbed cells, actin-rich
regions with higher concentrations of CEACAM1 seem to comprise largely
monomeric CEACAM1. As the functional consequences of these findings are
still unclear, our current efforts are focused on identifying the linkages between
CEACAM1’s spatial and oligomeric distribution and its corresponding down-
stream signaling processes.
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Tumor necrosis factor receptor 1 (TNF-R1) is an important mediator of inflam-
mation, binding tumor necrosis factor alpha (TNF-a) with high affinity. The
functionality of TNF-R1 is closely related to its assembly into tri- and oligo-
mers [1]. Here, we present our studies on the dynamics of TNF-R1 using
high-density single-particle tracking in combination with photoactivated local-
ization microscopy (sptPALM) [2]. We quantified single receptor dynamics
and generated diffusion coefficient maps of whole cells. We found a heteroge-
neous distribution of diffusion coefficients indicating receptor species with dif-
ferent mobility, suggesting different molecular organizations. We further
investigated receptor dynamics under cholesterol depletion and stimulation
with TNF-a. Based on our observation, we designed a refined model on the
structural arrangement and activation of TNF-R1 in the plasma membrane.
References
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The G protein coupled receptor (GPCR) family is comprised of ubiquitous,
membrane-bound proteins that are highly conserved in structure, yet varied
in their cognate ligand. This allows for regulation of a variety of physiological
processes ranging from cardiac contractility and neurotransmission to olfac-
tion and vision. Signaling events downstream of activated GPCRs are initiated
through a conserved mechanism of receptor-mediated nucleotide exchange of
GDP for GTP in their intracellular binding partner, the heterotrimeric G pro-
tein (Gabg). While much is known about GPCR and Gabg function, few
32a Sunday, February 26, 2012details have emerged regarding the mechanism of GPCR-Gabg complex
formation during signaling initiation because of the intrinsic instability of
such complexes both in vivo and in vitro in the presence of detergent micelles.
To overcome this limitation, we examined the utility of a range of membrane
mimetics for stabilizing GPCR-Gabg complexes using the model system pair
rhodopsin-transducin responsible for visual transduction. This system was
chosen for its spectroscopic properties that can be easily followed as a measure
of complex stability. Our results support the dependence of GPCR-Gabg com-
plex formation on membrane morphology and nonspecific electrostatic inter-
actions between membrane components and membrane protein binding
molecules.
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The trafficking, membrane localization and lipid raft association of oncogenic
Ras proteins dictate their isoform-specific biological responses. Accordingly,
their spatiotemporal dynamics are tightly regulated. While extensively studied
for H- and K-Ras, such information on N-Ras, an etiological oncogenic factor,
is limited. Here, we report a novel mechanism regulating the activation-
dependent spatiotemporal organization of N-Ras, its modulation by
biologically-relevant stimuli, and isoform-specific effects on signaling. We ap-
plied patch/FRAP, FRAP beam-size analysis and a novel quantitative FRAP
analysis of the diffusion and membrane binding kinetics of non-integral mem-
brane proteins to investigate N-Ras membrane interactions. Clustering of raft-
associated proteins, either glycosylphosphatidylinositol-anchored influenza
hemagglutinin (HA-GPI) or fibronectin receptors, selectively enhanced the
plasma membrane-cytoplasm exchange of N-Ras-GTP (preferentially associ-
ated with raft domains) in a cholesterol-dependent manner. EM analysis
showed N-Ras-GTP localization in cholesterol-sensitive clusters, from which
it preferentially detached upon HA-GPI crosslinking. HA-GPI clustering
enhanced the Golgi-accumulation and signaling of EGF-stimulated
N-Ras-GTP. Notably, the crosslinking-mediated enhancement of N-Ras-GTP
exchange and Golgi accumulation strictly depended on depalmitoylation.
We propose that the N-Ras activation pattern (e.g., by EGF) is altered by
raft protein clustering, which enhances N-Ras-GTP raft localization and depal-
mitoylation, entailing its exchange and Golgi accumulation following repalmi-
toylation. This mechanism demonstrates a functional signaling role for the
activation-dependent differential association of Ras isoforms with raft
nanodomains.
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Charcot-Marie-Tooth type 2B (CMT-2B) is a neurodegenerative disease
characterized by terminal axonal death. Genetic analysis from human CMT-
2B patients revealed four missense point mutations (L129F, K157N, N161T,
V162M) in their genes encoding a small GTPase Rab7, a marker for late endo-
somes in the degradation pathway. The exact mechanism of how Rab7 mutants
cause CMT-2B remains poorly understood. Here, we analyzed the effect
of Rab7 mutants on the signaling and axonal transport of a nerve growth
factor (NGF) receptor - TrkA. Fluorescent protein-engineered Rab7 and
TrkA were transfected in rat embryonic dorsal root ganglia neuronal cells.
Axonal transport of Rab7- and TrkA-containing endosomes was followed by
time-stamped live cell fluorescence microscopy. We found that TrkA moves
roughly twice as fast as Rab7s, among which CMT-2B associated Rab7
mutants outpace wt-Rab7. Curiously, endosomes co-transfected with both
Rab7 and TrkA move even slower than those with singly transfected Rab7.
Western blot analysis from Rab7/TrkA-cotransfected PC12 cells showed
that the level of phosphorylated TrkA is lower in Rab7 mutants that that in
wt-Rab7. Our results suggested that Rab7 mutants can potentially contribute
to CMT-2B by dis-regulating NGF-TrkA signaling via perturbing the balance
between retrograde and anterograde axonal transport processes. These results
imply that axonal transport can be a potential treatment target for CMT-2B
neurodegeneration.161-Plat
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The T cell antigen receptor (TCR) is a cell surface protein complex that binds
peptide antigen fragments presented by the Major Histocompatibility Complex
(MHC). The interaction of TCR with MHC leads to T cell activation and initi-
ation of an immune response,1 but the molecular details of the transmembrane
signaling process remain unknown. TCRz is the 115 amino acid long cytosolic
signaling domain of the CD3-T cell receptor complex that plays a central role in
this process. TCRz is predominantly unstructured2 and carries several copies of
the immunoreceptor tyrosine-based activation motif (ITAM). ITAMs become
phosphorylated upon receptor engagement, constituting an early and obligatory
event in the signaling cascade that blocks lipid association and lipid-associated
conformational rearrangements3 of TCRz. We present a characterization of the
affinity of TCRz to tethered lipid bilayers by SPR and a structural study of its
association with such membranes using neutron reflectometry (NR). We stud-
ied the binding of unphosphorylated TCRz to highly charged stBLMs rich in
anionic phosphatidylserine (PS) or phosphatidylglycerol (PG) and observed
affinity constants of Kd z 10 mM. Minute amounts of phosphoinositides
(PI(4,5)P2) increase the membrane affinity of the protein by more than 10-
fold. An NR characterization of TCRz in the membrane-associated state shows
the major portion of the protein interfacially associated with the bilayer surface
and a minor protein penetrating the bilayer deeply. This is consistent with
a model in which an a-helical structure is aligned on the membrane surface
that may be connected via a hinge with another a-helical segment inserted
into the bilayer.
[1] Call, M.E., and Wucherpfennig, K.W., Annu. Rev. Immunol. 23:101 (2005).
[2] Sigalov, A.B., et al., Biochemistry 45:15731 (2006).
[3] Aivazian, D.A., et al., Nat. Struct. Biol. 7:1023 (2000).
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T cells are known to be sensitive to extremely small numbers of agonist
peptides. Early T cell signaling originates in and is sustained by T Cell Re-
ceptor (TCR) microclusters. Recent reports indicate that T cell triggering
thresholds are determined by the number of agonist peptide in individual
TCR microclusters, a conclusion supported by the observation that 2D
peptide-MHC kinetics are characterized by unexpectedly fast on-rates. Yet,
questions remain regarding the interplay, if any, between signaling microclus-
ters associated with the plasma membrane. We have studied the relationship
between peptide number and protein cluster formation in early T cell signal-
ing by direct, simultaneous observation of fluorescently labeled agonist pep-
tides and the early T cell signaling molecule Zap70 genetically fused to EGFP
in primary murine T cells. Our experiments replace the antigen-presenting
cell with a supported lipid bilayer (SLB) chemically functionalized with
peptide-MHC and ICAM-1. This approach allows us to titrate the density
of triggering agonist peptide, while also providing a flat interface suitable
for high-resolution TIRF imaging. By integrating micro-patterned chromium
supports onto a cover glass we can also segregate the SLB into an array of
spatially distinct micron-scale reaction centers. Using this method we measure
antigen input vs. TCR triggering output in living primary T cells. These re-
sults have important implications concerning the role of cooperativity be-
tween adjacent TCR clusters in tuning the sensitivity of T cell triggering
by exogenous agonist peptides.Platform: Membrane Dynamics & Bilayer
Probes
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The plasma membrane seems to be dynamically structured in regions of
different composition and function. However, the spatial and temporal scale
